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Abstract

AIM: To evaluate total embolization of the main splenic
artery in patients with splenic artery aneurysms (SAAs)
and normal spleen.

METHODS: Thirty-five consecutive patients with SAAs
were referred for treatment with coil embolization. Pa-
tients were classified into two groups: coil embolization
of the main splenic artery with complete occlusion of the
artery and aneurysms (group A, 7 = 16), and coil embo-
lization of the aneurysmal sac with patency of the splenic
artery (group B, 7 = 19). Data on white blood cell (WBC)
and platelet counts, liver function, and complications
were collected on days 7 and 30, and subsequently at
a 6-mo interval postoperatively. Abdominal computed
tomography was routinely performed to calculate the
splenic volume before and 1 mo after the procedure,
and subsequently every 6 mo during follow-up.

RESULTS: Coil embolization of the SAAs was techni-
cally successful in all 35 patients, with no procedure-
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related complications. The post-embolization syndrome,
including abdominal pain, fever and vomiting, occurred
in six patients (37.5%) in group A and three patients in
group B (15.8%). There were no significant differences
in WBC and platelet counts between preoperatively and
at each follow-up point after the procedures. There
were also no significant differences in average WBC
and platelet counts between the two groups at each
follow-up point. There were significant differences in
splenic volume in group A between preoperatively and
at each follow-up point, and there were also significant
differences in splenic volume between the two groups
at each follow-up point.

CONCLUSION: Total embolization of the main splenic
artery was a safe and feasible procedure for patients
with SAAs and normal spleen.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Splenic artery aneurysms; Spleen; Coil em-
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Core tip: Total embolization of the splenic artery some-
time must be performed to achieve complete occlusion
of large or multiple aneurysms. Thirty-five patients
were classified into two groups: coil embolization of
the splenic artery with complete occlusion of the artery
and aneurysms, and coil embolization of the aneurys-
mal sac with patency of the splenic artery. Except for
shrinkage of splenic volume, no changes in white blood
cell and platelet counts or liver function were found
in the former group. These results suggest that total
embolization of the splenic artery is a safe and feasible
procedure for patients with splenic artery aneurysm
and normal spleen.

Li ES, Mu JX, Ji SM, Li XM, Xu LB, Chai TC, Liu JX. To-
tal splenic artery embolization for splenic artery aneurysms
in patients with normal spleen. World J Gastroenterol 2014;
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INTRODUCTION

Splenic artery aneurysms (SAAs) are the second most
common abdominal aneurysm with a reported prevalence
of 0.8% at arteriography and 0.04%-0.10% at autopsy.
SAAs ate usually small (< 2 cm in diametet), circular, and
located at a bifurcation in a middle or distal segment of
the splenic artery. Most SAAs are detected incidentally
without symptoms during diagnostic imaging for other in-
dications. Rupture of SAAs is rare, with the rate of poten-
tial rupture ranging from 3% to 9.6%", but is associated
with a high mortality rate (10%-25%) if left untreated””.

Coil embolization is now a widely accepted treatment
for SAAs; however, for patients with large or multiple
SAAs, total embolization of the splenic artery must be
performed to produce complete occlusion of the SAAs.
Nowadays, total embolization of the splenic artery has
been shown to be a safe and effective method for the
treatment of SAAs"™™, but the changes in splenic func-
tion and morphology after embolization have rarely been
reported, especially in patients with SAAs and normal
spleen.

In this study, we retrospectively reviewed patients with
SAAs treated by transcatheter embolization in our institu-
tion, evaluated the clinical outcomes of total embolization
of the main splenic artery for patients with SAAs and
normal spleen, and compared the results with coil embo-
lization of the aneurysmal sac with patency of the splenic
artery.

MATERIALS AND METHODS

Patients
The protocol was approved by the institutional ethics
committee, and all the patients provided written informed
consent. From January 2007 to June 2013, 35 consecutive
patients with SAAs referred for the treatment with coil
embolization were screened for enrollment in this retro-
spective study, and subsequently underwent computed
tomography (CT) follow-up at our hospital. Diagnosis of
SAAs was established in all patients by CT with contrast
medium injection and multiplanar reconstructions.

Patients were eligible for enrollment if they met the
following criteria: (1) definite SAAs of the main splenic
arteries with normal spleen; (2) transcatheter coil emboli-
zation; and (3) at least one CT and clinical follow-up = 1
year after initial treatment. Patients were excluded if any
of the followings wete present: (1) severe cardiopulmo-
nary comorbidity; (2) untreatable coagulopathy; (3) hyper-
splenism; (4) SAA at the branch of the splenic arteries or
splenic parenchyma; or (5) contraindication for contrast
medium.

A total of 48 patients with SAAs were enrolled in
this study. SAAs were located in the proximal (» = 10),
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Table 1 Clinical characteristics, outcomes and complications

in patients with splenic artery aneurysms 7 (%)

Group A Group B P value
(n =16) n=19)
Age (yr, mean * SD) 50.81+7.66 48.42+6.37 0.320
Female/male 6/10 8/11 0.782
SAA size (mm) 1643 +3.59 10.14+2.07 <0.001
SAAs 0.156
Single 12 18
Multiple 4 1
Technical success 16 (100) 19 (100) 0.999
Hospital stay (d) 9.25+2.84 8.52+1.74 0.320
Complications
Post-embolization syndrome 6 (37.5) 3 (15.8) 0.245
Major complications 2(12.5) 0 (0) 0.202
Splenic abscess 1 0
Pleural effusion 1 0
Ascites 0 0

38.69+£15.66 32.84+15.02  0.269
39.94 £14.90 35.16 £16.01 0.370

CT follow-up (mo)
Clinical follow-up (mo)

SAA: Splenic artery aneurysm; CT: Computed tomography.

middle (7 = 17), or distal (# = 21) segment of the main
splenic artery. Thirty-eight patients had asymptomatic
lesions that were discovered incidentally, and the remain-
ing 10 patients presented with isolated abdominal pain.
Forty-one of the 48 patients had a single aneurysm, and
seven had multiple aneurysms. None of the patients ex-
perienced rupture of their lesions.

Patients were classified into two groups according to
two embolization techniques: coil embolization of the
main splenic artery with complete occlusion of the artery
and aneurysms (group A), and coil embolization of the
aneurysmal sac with patency of the splenic artery (group
B). Initially, 21 and 27 patients were assigned to groups
A and B, respectively. Of these, 13 patients did not meet
the inclusion criteria, with CT' and clinical follow-up < 1
year in eight patients and loss to follow-up in five patients
(3 in group A and 2 in group B). The remaining 35 pa-
tients wete enrolled. There were 21 men and 14 women
with a mean age of 49.51 £ 7.0 years (range, 34-60 years).
Demographic features and clinical presentations are sum-
marized in Table 1.

Coil embolization
There are two embolization techniques: endovascular li-
gation that requires the positioning of the coils on either
side of the aneurysm (“sandwich technique”) in order to
attain complete occlusion”"” and embolization using
coils limited to the aneurysmal sac with patency of the
splenic artery. In general, the former technique was used
for large or multiple SAAs, and the latter for small or
single SAA. All embolization procedures were performed
by two experienced interventional radiologists on a single
plane angiography system under fluoroscopic guidance.
Prior to embolization, selective angiography of the
celiac trunk, splenic artery, and supetior mesenteric artery
was performed in all patients v the right femoral artery
with a 5-Fr diagnostic catheter. To avoid total splenic in-
farction, we confirmed patency of the collateral arteries,
which were shown to be connected to the hilar splenic
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artery from the left gastric artery or from the gastroepi-
ploic artery on a celiac arteriogram.

Coil embolization of the SAAs was performed after
confirmation of these connections, and details of the
coiling procedures were described previously™ ", Coils
and/or gelfoam were used as embolization material either
alone or in combination. In general, the embolization
coils used in this series were standard 0.089-cm (0.035-in)
fibered microcoils (Tornado; Cook, Bloomington, IN,
United States). Post-embolization checks were performed
with selective splenic, celiac and superior mesentetic ar-
tery angiograms to confirm occlusion of the main splenic
artery and patency of the collateral arteries. Preoperative
antibiotic prophylaxis was used routinely for 3 d. Follow-
ing embolization, patients were monitored clinically, and
antibiotics were administered after the procedure for sev-
eral days to avoid infectious complications.

Postoperative outcome evaluation

All the patients were followed at our outpatient clinic.
Peripheral blood cell parameters, including white blood
cell (WBC), red blood cell and platelet counts, were
monitored at different time points prior to the procedure,
on days 7 and 30, and subsequently at a 6-mo interval
during follow-up. To determine a possible effect on liver
function, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), total bilirubin (TB), albumin, and
prothrombin time (PT) in serum were measured before
and after the procedure at the same follow-up time point
as evaluating the peripheral blood cells.

Abdominal CT scans were routinely performed be-
fore and 1 mo after the procedure, and subsequently
every 6 mo during follow-up. CT images were obtained
using a multislice GE Pro Speed machine (GE Medical
Systems, Milwaukee, W1, United States) and included un-
enhanced and enhanced images (arterial phase, parenchy-
matous phase) with multiplanar 3D reconstruction. Based
on enhanced CT images, we measured and compated the
pretreatment splenic volume and the post-embolization
residual splenic volume on a 3.1 workstation (GE Medi-
cal Systems) using volumetric analysis software. The in-
farcted splenic volume (mL) was calculated by subtracting
the noninfarcted splenic volume from the pretreatment
splenic volume. The splenic infarction rate was calculated
by dividing the infarcted splenic volume by the pretreat-
ment splenic volume (X 100%).

Data regarding (1) technical success; (2) liver func-
tion; (3) changes in splenic volume and (4) complications
were evaluated at the time of the report or patient death.
Technical success was defined as complete exclusion
of the aneurysm on the post-embolization arteriogram,
without major complications. Post-embolization syn-
drome was defined as fever, abdominal pain, or elevation
of pancreatic enzymes over preprocedural values after
splenic infarction.

Any potential complications following coil emboliza-
tion, such as splenic abscess, splenic rupture, pneumonia,
refractory ascites or pleural effusion, gastrointestinal
bleeding, post-embolization syndrome, abdominal full-
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ness, or appetite loss, were recorded.

Statistical analysis

All the data are expressed as mean £ SD. Dichotomous
and categorical data are reported as numbers and per-
centages. The end points were determined technically
and clinically. The technical end point was failed perfor-
mance of the procedures. The clinical end points were
loss to follow-up or death during or after the procedures.
Comparisons of the variables between the two groups
were performed using the Mann-Whitney test, ZZ test or
Fisher’s exact test as appropriate. All statistical analyses
were performed using SPSS version 13.0 (SPSS, Chicago,
IL, United States).

RESULTS
Safety

The technical and initial clinical outcomes of the two
groups are shown in Table 1. Coil embolization of the
SAAs was technically successful in all 35 patients, with no
procedure-related complications. The 30-d mortality rate
Was Zero.

Complications after the procedures are listed in Table
1. The post-embolization syndrome, including abdominal
pain, fever and vomiting, occurred in six patients (37.5%)
in group A and three in group B (15.8%). One patient in
group A had pleural effusion, which was resolved by tho-
racocentesis. One patient in group A suffered from per-
sistent high fever, and was found to have splenic abscess
on abdominal CT scan. The abscess was drained with a
catheter and absorbed within 1 mo. There was no signifi-
cant difference in hospital stays between the two groups

(Table 1).

Follow-up clinical results

At the time of writing this manuscript, all patients were
followed and assessed at 1 wk, 1 mo, 6 mo, and 1 year;
28 were assessed for 2 years and 13 were assessed for =
4 years, prospectively, with a mean follow-up of 37.34 *
15.47 mo (range, 13-66 mo). There were no significant
differences in the number of patients in each follow-up
petiod between the two groups.

Changes in peripheral blood cell counts

Table 2 summarizes the follow-up clinical outcome be-
tween the two groups. In comparison with pre-procedur-
al level of peripheral blood cell counts, including WBC
and platelet counts in each of the two groups, there were
no significant differences at each follow-up point after
the procedures. There were also no significant differences
in average WBC and platelet counts between the two
groups at each follow-up point.

Changes in liver function parameters

In comparison with pre-procedural level of liver function
parameters values, including AST, ALT, TB, albumin and
PT, in each of the two groups, there were no significant
differences at each follow-up point after the procedures.

January 14, 2014 | Volume 20 | Issue 2 |



Li ES et al. Splenic artery embolization

Table 2 Comparison of variables between the two groups during follow-up (mean + SD)

Evaluation Initial 1 mo 6 mo 1yr 2yr = 4yr

Group A GroupB  GroupA  GroupB  Group A GroupB Group A GroupB Group A Group B Group A Group B
WBC count 61+09  62+10  62+12  62+11 62£0.7 63+1.0  60%09 5808 59+1.0 5910  59%09 59+1.1
(x10)
PLT count 17214529 1787+484 190.3+283 19894282 191.2+237 1943+278 1912+31.6 1965+29.3 196.6+28.6 190.1+34.1 180.6+3-6.6 192.8+27.8
(x10%)
Splenic 289.8£28.2 290.5+26.5 222.3+47.9° 2852+29.2° 202.3+43.0° 283.6+305 199.1+40.9° 2754+382° 197.7+40.9° 276.4+43.0° 201.3 +25.1° 281.7 +42.1°

volume (cm®)

°P < 0.05, Compared splenic volume in group A between preoperatively and at each follow-up point; °P < 0.05, Compared splenic volume between group A

and group B at each follow-up point. WBC: White blood cell; PLT: Platelet.

There were also no significant differences in average
AST, ALT, TB, albumin and PT between the two groups
at each follow-up point.

Changes in splenic volume after embolization

All patients were followed and assessed at 6 mo and 1
year; 28 were assessed for 2 years and 13 were assessed
for = 4 years, with a mean follow-up of 35.5 = 15.4 mo
(range, 12-66 mo). After the procedures, splenic volume
decreased significantly in group A, peaked at 1 mo after
the procedures, and was then maintained at about the
same size during follow-up (Table 2). In group B, there
was no obvious decrease in splenic volume after the pro-
cedures. There were significant differences in splenic vol-
ume at each follow-up point between the two groups. In
addition, there were also significant differences in splenic
volume in group A between preoperatively and at each
follow-up point (Table 2, Figure 1).

DISCUSSION

There are three main findings from this study: (1) no sig-
nificant differences were found in peripheral blood cell
counts, including WBCs and platelets, between preopera-
tively and at each follow-up point after the procedures,
and between the two groups at each follow-up point; (2)
no significant differences were found in liver function
between preoperatively and at each follow-up point after
the procedures and between the two groups at each fol-
low-up point; and (3) splenic volume in group A was sig-
nificantly smaller after embolization. To the best of our
knowledge, this is the first report to evaluate the clinical
outcome of total embolization of the main splenic artery
for patients with SAAs and normal spleen.

Therapeutic options available for patients with SAAs
include conventional open surgery, endovascular treat-
ment, and the more recently introduced technique of lap-
aroscopic surgery. The traditional treatment was ligation
of the artery or aneurysm or excision of the lesion, with
or without partial or total splenectomy, and occasionally

with distal pancreatectomy[12’13]. However, the mortality
rate associated with this procedure was approximately
1.3% and the morbidity rate was 9% for aneurysms'"”,
During the past decade, endovascular techniques
including transcatheter embolization and covered stent
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placement were introduced as alternatives to convention-
al surgery™*'"*" These techniques can be used to treat
most SAAs regardless of clinical presentation, etiology,
and location. Endovascular treatment is also indicated
for ruptured SAAs, especially when the site is difficult to
access during conventional surgery or when the opera-
tive risk is high because the patient is in poor general
health™®. Advantages over surgery include accurate lo-
calization of the aneurysm, assessment of collateral flow,
low risk for patients who ate poor surgical candidates'”,
and easier approach to aneurysms whose surgical expo-
sure is difficult.

Nowadays, transcatheter coil embolization is the
commonly used method and has been shown to be safe
and effective for the treatment of the SAAs"™**"*# Al
though percutancous treatment with covered stents has
produced favorable results™?! with main splenic arterial
patency, they are difficult to deploy in tortuous vessels,
and thrombosis may occur after stenting;

There are two embolization techniques: coil emboli-
zation of the aneurysmal sac with patency of the splenic
artery, and embolization of the main splenic artery with
complete occlusion of the artery and the SAAs",
The former technique was often used for single and small
SAAs, and the latter was often applied for large or multi-
ple SAAs. In this study, although shrinkage of the splenic
volume in group A was obtained after total embolization
of the main splenic artery, no mortality occurred, and the
complications were under control, which was confirmed
by the patency of the collateral arteries.

In addition, an increase in WBC and platelet counts
after total embolization of the main splenic artery for
patients with hypersplenism has been reported by He
et al””" and Gu ez al™. In the present study, there were
no significant differences in WBC and platelet counts
between preoperatively and at each follow-up point. In
other words, there was no increase or decrease in WBC
and platelet counts in group A after embolization. Fur-
thermore, there were no differences in liver function
parameters between preoperatively and at each follow-
up point, which was in agreement with He ez al**" and
Gu ¢t a/™. These results indicated that total embolization
of the main splenic artery is a safe procedure for patients
with SAAs and normal spleen.

In this study, we found that the splenic volume in
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Figure 1 Group A. A splenic artery aneurysm (SAA) in a 56-year-old man with normal spleen. A: Celiac arteriogram prior to coil embolization demonstrated an
SAA located at the proximal splenic artery; B: Celiac arteriogram after coil embolization showed total embolization of the main splenic artery with disappearance of
the SAA; C: Before embolization, arterial phase of computed tomography angiography (CTA) showed that the spleen was normal (arrow); D: Arterial phase of CTA

showed that the spleen had decreased size (arrows) 2 years after embolization.

three patients in group A did not decrease after total
embolization of the main splenic artery. We thought that
the main reason may be the recanalization of the splenic
artery. Another possible reason was that there was suffi-
cient blood supply for the spleen from these connections.

Our study had the following limitations. First, the
study was retrospective, and the patient population was
small, which may prevent generalization of our results.
Second, severe complications may occur when the collat-
eral arteries are lacking or not consummate. Confirmation
of the patency of the collateral arteries, which connected
to the hilar splenic artery from the left gastric artery
or from the gastroepiploic artery, was a necessary step
prior to total embolization of the main splenic artery for
SAAs. Third, CT angiography involves exposute of the
patients to ionizing radiation and the administration of
intravenous contrast material. Lastly, follow-up angiogra-
phy was not performed in this study, thus, the possibility
of recanalization of the main splenic artery or the SAAs
could not be determined.

In conclusion, in this retrospective study, except for
shrinkage of splenic volume in patients undergoing total
embolization of the main splenic artery, no changes in
WBC and platelet counts and liver function parameters
were found. These results indicated that total emboliza-
tion of the main splenic artery is a safe and feasible pro-
cedure for patients with SAAs and normal spleen. Further
clinical trials and extended follow-up studies are needed.
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COMMENTS

Background

Coil embolization is now a widely accepted treatment for splenic artery aneu-
rysms (SAAs); however, for patents with large or multiple SAAs, total emboliza-
tion of the splenic artery sometime must be performed to achieve complete
occlusion of the SAAs.

Research frontiers

Total embolization of the splenic artery has been shown to be a safe and ef-
fective method for the treatment of SAAs, but the changes in splenic function
and morphology after embolization have rarely been reported, especially in
patients with SAAs and normal spleen. We retrospectively evaluated the clinical
outcomes of total embolization of the main splenic artery for patients with SAAs
and normal spleen.

Innovations and breakthroughs

The use of total embolization of the splenic artery was devised for the manage-
ment of patients with SAAs and normal spleen. All procedures were performed
under fluoroscopic control. This is believed to be the first report to evaluate the
clinical outcomes of total embolization of the main splenic artery for patients
with SAAs and normal spleen.

Applications

Total embolization of the main splenic artery is a safe and feasible procedure
for the patients with SAAs and normal spleen.

Terminology

Total embolization of the main splenic artery is the technique of embolization of
the main splenic artery with complete occlusion of the artery and SAAs.

Peer review

The authors reported total embolization of the main splenic artery for patients
with SAAs and normal spleen. Thirty-five consecutive patients with SAAs were
classified into two groups: coil embolization of the main splenic artery with com-
plete occlusion of the artery and aneurysms (group A), and coil embolization
of the aneurysmal sac with patency of the splenic artery (group B). The results
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reveal that except for shrinkage of splenic volume in patients with total embo-
lization of the main splenic artery, no changes in white blood cell and platelet
counts or liver function parameters were found. These results suggest that total
embolization of the main splenic artery is a safe and feasible procedure for the
patients with SAAs and normal spleen.
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